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Introduction 
 

In beginning of 1980s, a majority of business sectors were suffering from high operating 

costs and inefficiencies which were a big loss to these sectors. These inefficiencies and lack 

of effectiveness were consequently producing high levels of customer dissatisfactions as 

well. Six Sigma culture has been predominantly inspired and affected by Japanese business 

culture with a focus on total customer satisfaction. This had turned out to be an alert to 

Motorola that was not famous for its arrogant attitude toward their customers. Motorola has 

been a pioneer in developing and applying Six Sigma within their operations and processes. 

Six Sigma has been initially introduced as a response to Motorola’s problems in the mid-

1980s. [15] 

The reason for crediting the Japanese business culture at that time was mainly the Japanese 

growing sales power in global competitive market. With gained efficiency through proper 

engagement of all employees and simpler designs, Japanese could become more efficient 

with higher levels of quality. [15] 

Six Sigma initiators learned enough from Japanese competitors and their own learning to 

create their vision and framework. [15] 

However Six Sigma has been officially launched in Motorola for the first time in 1987. Six 

Sigma has shown to be a successful management strategy since first time introduction and 

implementation. [15] 

Six key components or main lines of work required for successful upgrading from a non-Six 

Sigma company to a company with Six Sigma culture are as it comes in the following lines: 

Six Sigma cultural renovation, reward and credit system, training, unified measurement 

system, facilitators, communication and senior executive commitment. [15] 

Six Sigma is a wide covering issue that covers different aspects and sectors of a company. 

Six Sigma is considered as a project based strategy. [31]  

Framework for a Six Sigma organization is very important for them to start the journey in 

order to become a Six Sigma organization. In the establishment process of Six Sigma 

although it is necessary to use appropriate tools and techniques, it is also required to benefit 

from a comprehensive training system provided for everyone in the organization. [31] 

Hence, by proper application of quality management tools and statistical methods, Six Sigma 

is to remove source of errors and reduce variability in process outputs to a certain level. 

Variability can either be in business or production processes.  

However, nowadays, companies are using different Six Sigma training systems to better 

establish this strategy within their business. The implementation process is enabled with 

appropriate and relevant tool box with proper frame work and measurement techniques. 
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The issue is that the definition and application of Six Sigma in different sectors and 

companies may differ. This is a source of a controversy in this field area. Also the academic 

perspective towards Six Sigma may differ from the business perspective.  

In order to investigate these claims, we will try to collect definitions, methods and techniques 

by literature review and being used by different abovementioned parties to make a 

comparison between these perspectives. 
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Six Sigma in Academic Perspective 
 

After the birth and flourishing of Six Sigma in the business world (Motorola), the 

academicians recognized the importance of this new philosophy and have tried to educate 

and spread it. Today, the Six Sigma philosophy is followed as an academic field in 

universities and research centers around the world. 

 

Six Sigma Framework in Academic Perspective 
 

Any Six Sigma development process is included within a general framework. A Six Sigma 

framework is powered by appropriate tools and methodologies relevant for different 

situations and projects. A proper framework should involve a well scoped project whereas 

appropriate data gathering channels are available. Based on collected information, a realistic 

analysis can be gained and result in required action. Consequently the processes would be 

optimized through data analysis techniques. Finally it is good to remind of the control phase 

of all six sigma projects which is continuously done with an emphasis on alerts on probable 

deviations before they result in defects and customer dissatisfaction. [24] 

Leadership in Six Sigma is responsible to set the framework for Six Sigma projects in order 

to make everyone aware of his/her role in serving company objectives regarding customer 

satisfaction. This way it is assured that everyone in the organization is aligned to satisfy 

customer expectations. [15] 

Two general methodologies are used in Six Sigma projects depending on the nature of that 

project. DMAIC methodology is used for Six Sigma improvement projects where an already 

working process is scrutinized and an improved state for that project is drawn and enforced 

through the well designed phases of this methodology. On the other hand, DMADV or DFSS 

methodologies are used in projects involving the development of a new product or the design 

of a new process. 

DMAIC methodology starts with the define phase and is followed with measure, analysis, 

improve and control phases: 

Define phase is concerned with desired project goals in figures and numbers which is more 

tangible and detailed.  In defining a Six Sigma project, it is necessary to make proper 

alignment among company objectives, required human resource, non–human resources and 

allocation of proper timing to each phase of projects. It is important to note that projects 

which are defined widely would be less effective and efficient and objective information in 

the ―define‖ phase is a must in Six Sigma projects. Hence, the define phase acts as a precise 

input to the next step of the process that the team is required to measure the key aspects in 

terms of figures and numbers. [24, 25] 

Measure phase is dependent on the nature of a specific process or project under Six Sigma 

renovation work. Depending on key aspects of that process serving the objectives of a 

company, the measurement takes place. Consequently the relevant data would be collected at 
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this phase of Six Sigma process. Data collection at this phase implies the objectivity of 

derived solutions rather than being subjective. For instance one common tool being used at 

this step of Six Sigma process is SIPOC. In other words the reliability is based on facts rather 

than the subjective opinions of individuals that can be misleading as a feeder to the next 

phase of Six Sigma process which is the Analysis phase. [24, 25] 

Analysis phase is put into practice via proper application of relevant tools like DOE. At this 

phase the gap between current situation and desired state for a process is delineated clearly. 

As a result it would turn out to be more feasible to bridge this gap as collected data yields the 

required power to analyze the situation for improvement work. In some cases, even a simple 

method like tracking the data of a process would be sufficient and can give us a quick link to 

the source of variations. By using cause-and-effect perspective at this phase, it is possible to 

find the root cause of a problem within current process. The result of this phase can be used 

to tackle the problems in the next phase of Six Sigma process which is the improvement 

phase. [24, 25] 

The fourth phase of DMAIC methodology in Six Sigma process is the improve phase. The 

proper action is taken within this phase. Root causes are attacked at this phase. This phase is 

also known as the optimize phase. This phase is based on the data analysis in the previous 

phase and is successful provided that the proper actions are accompanied with associated 

employees and the specified times. At this phase tools like DOE and CEDAC are popular. 

[24, 25] 

The fifth and the last phase of DMAIC methodology of a Six Sigma process is the control 

phase. The focus area of this step is on sustainability and maintenance of advancements 

within the processes under Six Sigma work. By using appropriate methods, future 

fluctuations of a process are controlled. At this step the recurrence of an old problem is 

prohibited. In other words, as the process is improved through the last four phases explained 

in above lines, now the effort is to audit and document with the aim of   producing 

appropriate maintenance methods for a sustainable improvement within the process under 

Six Sigma work. In simple words, the improved process would be controlled to hold the 

attainments. [24, 25] 

In contrast to Six Sigma methodology (DMAIC), the DFSS methodologies (DMADV and 

PIDOV) are applicable in new product developments and relevant processes. However, the 

common goal for all DFSS projects is to introduce new Six Sigma products and its associated 

processes. There is small difference between different roadmaps in DFSS projects.  

 In cases with products and processes which are already under operation, it wouldn’t be 

feasible to fix defective characteristics or malfunctioning designs by Six Sigma method. 

DFSS overcomes this limitation by trying to develop new products and involved processes 

for that specific product. With the aid management tools in new product development 

projects DFSS initiators can formulate, develop and launch new products exceeding customer 

expectations. In simple words, in Six Sigma projects using DMAIC road map is a problem-

solving process while there was no such a process already available in company. DFSS 

roadmap doesn’t pursue the goal of replacing the existing processes and their links, but it is 

to bridge the existing gaps between existing processes.  
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DMADV methodology stands for phases of DFSS processes. This process starts with define 

phase and proceeds with measure phase, analyze phase, design phase and ends up with verify 

phase. 

Define phase of DMADV methodology is to define the goals of the project design which 

should be consistent with customer demands whether they are internal customers or external 

customers. At this phase, the CTQs should be listed where a set of delighters in this list 

should be pinpointed and prioritized for the proceeding phases of DMADV methodology to 

be considered as well. The delighters in CTQs list implies the critical to quality 

characteristics that customers are not consciously aware of them and the improvement in 

those areas would be a source of surprise and appreciation in customers’ views. [19,25] 

Thus the steps to be followed at the define phase of DMADV is first to draft the project 

charter which includes items like the goals and objectives of the project, project milestones, 

the scope, assumptions and limits of the project, specified roles and responsibilities for team 

participants and eventually the initial plan of the project. [31] 

The next step attributed to the define phase of DMADV methodology is to identify the 

leading customers. In other words, the customers and their needs are fully identified and 

analyzed. [31] 

Finally the last step of define phase of DMADV methodology is to identify requirements of 

both the customers and the business itself. At this step, tools like QFD and Kano analysis is 

very helpful. [31] 

The second phase of DMADV methodology is to measure. Measure phase has two faces to 

be considered. One side is the technical part and the other side is the cultural part. Companies 

that are enabled with a quality management system such as ISO 9001meet the technical side 

of this issue. In order to have a successful DFSS process, it is required to meet the technical 

side of the measure phase. The other side of measure phase is the cultural part. This part 

emphasizes on the importance of proper use of data in the decision making process. For 

example, it is very effective if different departments and the associated managers base their 

decisions and performance measurements on numerical data and quantitative metrics. These 

metrics should also involve the time as parameter in their measurements which can be 

presented in form of a graph or table with a specified time lapse. It is important to include a 

target point for each metric at this phase of DMADV methodology. Thus, in any product 

development project in DMADV methodology, it is required to have a realistic and objective 

financial performance forecast. The other items to be measured at this phase are the 

production process capabilities metrics like Cpk that shows target values for new processes 

whereas process charts and statistical process control method is used for already existing 

processes. [25]   

In the measure phase of DMADV methodology, the team is required to follow a 

measurement plan. The measurement plan should involve items such as the operational 

definition of all the relevant metrics, the items to be measured and the persons responsible for 

the task, the frequencies of result evaluation and the persons in charge of it, the size of the 

samplings and the analysis methods. [19]   
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Customer needs and management goals should be quantified. In other words, the CTQs that 

the project is associated with should be identified at this phase. The CTQs are operationally 

defined at this phase. This phase starts with data collection in a precise way and CTQs are 

selected. Then the improvement areas should be highlighted and the appropriate set standards 

should be set. Then based on the validated measurement system, the proper way for 

measurements should be followed. The output data should have characteristics like 

repeatability, reliability, reproducibility, stability, accuracy and validity. [19,17] 

The third phase of DMADV methodology is the analyze phase. Analyze is a crucial phase in 

DFSS process. Analysis should be made deeply in terms of the thinking and understanding of 

the issues in this regard. In this phase the task is to develop alternative designs. The collected 

data are analyzed here for selecting the best alternative solutions. A cause and effect way 

mechanism of reasoning is very common for the study area in any DFSS related process. 

The important role of people in financial department should not be neglected at this phase of 

DFSS process. Their role is important as there are different financial impacts such as 

decreased/avoided costs and improved monetary flow. [24] 

As an output to this phase of DFSS process, the prioritized design is to be selected through 

quantitative comparison among the different alternative design candidates. The most 

important factor in choosing the high level design is the connection and communication 

between the characterized CTQs and the selected design. [19] 

The next phase in DMADV methodology of DFSS process is the design phase. At this 

process phase, the DFSS goal is to design the details for optimization and verification 

purposes. At this phase, the design in broken down to its components and after finding the 

optimal design in each component, the final design would be composed of these components 

which are integrated in the most optimized manner to value customer perspectives. Another 

purpose to be met at this phase is to provide a mathematical predicting model for future 

modeling, prototyping and simulations. By having the CTQs at hand by using methods like 

QFD and their desired tolerances, statistical tools and methods like DOEs use these simple 

data to make precise estimations of product or process performance in future. [25,8] 

During the design phase, the DFSS team would clearly collect the specifications and features 

in order to design a new product or process. The resulted design would lead to features and 

specifications which passes the common level. This is realized by serious attention to CTQs. 

Low level characteristics of a product or process which is concerned with a single 

characteristic of it without considering its interactions would be related to the system level 

which is a holistic characteristic view on that product or process. [25] 

The final phase of DMADV methodology of DFSS process is the verification phase. Designs 

need to be verified before put into effect for mass production or released for public customer 

population. This requirement is usually fulfilled through running a pilot plan. The function of 

this phase is to ensure that the required quality level, cost and reliability characteristics are 

met within the specified limits which were the subject of previous phases. [8] 

Hence, in verification phase, the new process or product design is to be statistically validated 

to ensure its compatibility with predetermined objectives for that specific product or process. 
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A well documented control plan would be provided at this phase in order to establish the new 

process/product design and learned lessons would be recorded for future use and tracking Six 

Sigma project results. [20] 

The other methodology for DFSS process is known to be PIDOV which stands for plan, 

identify, design, optimize and validate as phases of this methodology. Due to its similarity to 

the other methodology explained in the current section (DMADV), a general explanation 

over the methodology and its phases would be expressed in the following lines. In plan phase 

of PIDOV, for each project which is planned, a charter, with clear presentation of objectives 

and stakeholders and associated risks should be included in. However the team pursues the 

lessons in order to assure that the project will be proceeding in the right track and 

management can approve the plan. The next phase of this methodology is the identification 

phase. In the identify phase, the team would be dedicated to identify product concept through 

channels like VOC to fulfill the CTQs in order to assure full customer satisfaction. The next 

phase is the design step which the team effort would go into making the best decision in 

designing new product and process. The next step in PIDOV methodology is to optimize. At 

this phase, the goal is to attain a balance between costs and quality which is not a natural 

state. Increased robustness and decreased sensitivity to variations would be a result of this 

phase. Eventually, the last phase of PIDOV is the validation phase. At this phase the data 

from trial product and pilot plans are used as feedback to verify predictions made in 

foregoing stages. Hence the customer expectations would be validated to secure the balance 

between cost and quality through appropriate statistical process control methods on all CTQs. 

[20] 

Six Sigma training system in Academic Perspective 
 

There exists a stressed emphasis on everyone’s awareness of his/her role in the process 

leading to the final product. In Six Sigma, training is a critical issue which is in need of very 

delicate attention from different involved parties especially the leadership. Hence, there 

needs to be customized training for all members of Six Sigma team depending on their roles 

and responsibility. [31] 

In order to have an effective implementation of Six Sigma, all team members would need 

proper training and support. [31] 

People in a Six Sigma project are empowered by appropriate trainings so that their power can 

be put into practice. [7] 

The Six Sigma training is applicable provided that an appropriate infrastructure is available 

in the organization or company. So each defined role within this infrastructure would be 

useless unless appropriate and sufficient training sessions for each role is passed by the 

people operating in that specific position. However some positions within Six Sigma projects 

won’t be qualified without certifications like black belt and master black belt degrees. These 

certificates need project experience as well as training sessions supported by written and oral 

exams. [8] 

There are three levels of training in DFSS which are as following:  
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 Executive training: 

This includes the one-day training for project leader and managers with a high level outlook 

of the DFSS goals and methods. The other issue in this one-day training session involves a 

discussion on the connection among DMAIC and DCOV and benefits of establishing Six 

Sigma in the design step of the relevant methodology. 

 Champion training: 

This level of training is a 2 to 4 day training course with a deeper understanding of processes 

and tools considered for DFSS.  

 Complete DFSS training ( for the project members and black belt): 

This is a four week training course which includes different items. In the first week of this 

training session, the subject is the DFSS process, scorecard creation customizable to the 

company, defining phase through VOC and characterizing which includes the system design 

and functional mapping. The second week of this training course would start with an 

overview of what has been learnt in the first week supported by questions and replies 

regarding DFSS topic with a focus on that specific project. Some debates on the optimization 

and verification phases of DFSS process would be the end discussion of the second week. 

The third week would be optional to be held or it can be held as it is demanded for. The 

subject of training in this week is the design parameters and relevant tolerances. The fourth 

week is not compulsory. The topic in the last week of training would revolve around issues 

of statistical tolerance determination and FMEA and multivariate analysis. [28] 

The key roles in DMAIC methodology in Six Sigma process include a variety of roles and 

responsibilities for the team members. When it comes to the training step of Six Sigma 

process, there is a specific training developed for each of these roles. These roles are 

mentioned in the following lines. 

 Executive management 

The unanimous role of executive leadership would be to set the goals of the Six Sigma 

project. At this level of responsibility, team members are trained to recognize the best 

chances of improvement in the project performance. Hence a proper long-term goal would be 

established with appropriate and measurable support system for their targets. The prerequisite 

for attaining to the set goals should also be provided by the executive leadership through 

establishing the required infrastructure and ability to revise their management system in 

different several aspects like systematic reporting for the project metrics and improvements, 

reward system and selecting the Six Sigma project and qualified members. The executive 

leadership is also trained to support the project to assure that people at different roles of Six 

Sigma project are functioning at the expected level. The other role for executive management 

is to provide the right condition to conduct proper training to other team members and 

provide different resources and proper time which are a part of management support in a Six 

Sigma project. As an executive manager, it is required to handle the vital changes to the 

project. [8] 
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According to Subir Chowdhury:―The Executive Leadership has to be the driving force 

behind adopting the Six Sigma philosophy and inspiring the organization from day one.‖ [7] 

 Champion 

Champions are usually selected from management level. They are trained to identify those 

improvement projects which are also compatible with the strategic goals. The champion is 

also in charge of problem statement and mission statement of the project. The champion is 

also in charge of selecting the best candidate for black belt positions and other team 

members. Champions have the role of coaching and training of black belts and helping Six 

Sigma team members by facilitating their work processes and removing obstacles and 

barriers for them. Providing approvals on different decisions of team members and giving 

rewards and promotions for black belts are also included in champions’ responsibilities. 

Champions should gain proper communication skills in order to communicate with executive 

leadership and other team members. In general a champion should gain a good understanding 

of the Six Sigma methodology to be able to conduct a successful project. [8] 

According to Subir Chowdhury: ―The Deployment Champions provide leadership and 

commitment and work to implement Six Sigma throughout their businesses.‖ [7] 

 Black belt 

Black belts should be experts in implementing the Six Sigma policies practically. Thus their 

abilities in developing and steering cross functional Six Sigma teams should be upgraded. 

These training courses give the black belts a deep perception of Six Sigma philosophy in 

theory and practice both in tactical and strategic viewpoint. Black belts should become 

familiar and influent in knowing and applying Six Sigma tools. The training session for black 

belts are conducted in a four-week intermittent period where there is a four to five week 

interval between each week of training. During this interval, the training participants would 

experience Six Sigma project in practical projects and situations. Therefore, the learned 

lessons would stick to black belts’ minds. [8] 

Thus one of the roles that a black belt should play in Six Sigma process is to lead projects 

and project teams with the facilitation purposes. The other role of black belt is to coach and 

train teams regarding Six Sigma methodology and application of relevant tools for Six 

Sigma. Black belts are also in charge of managing the projects and solving the problems 

using Six Sigma methodology. The last issue for a black belt to cover is to make good 

communication with champions and project related managers plus the networking with the 

other black belts. [8]  

The topics to be covered in a black belt training course according to Joseph A. De Feo & 

William Barnard are as it comes in the following lines: 

 ―Project-critical team leadership and facilitation skills 

 Six Sigma methodology 

 Quality improvement tools 

 Use of an appropriate statistical software package 

 Measurement system analysis 

 Determining process capability 
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 Process mapping 

 Quality function deployment 

 Failure mode, effect, and criticality analysis 

 Correlation and regression 

 Hypothesis testing using attribute and variables data 

 Analysis of variance 

 Design of experiments 

 Evolutionary operations 

 Quality systems 

 Lean enterprise 

 Dominant variables 

 Mistake-proofing 

 Statistical process control 

 Process control plans 

 Self-control‖ [8] 

 

According to Subir Chowdhury:― The Black Belts are the people who really do the work. 

They are the key to the whole project, the true leaders of Six Sigma‖ [7] 

 Green belt 

All the people within the organization have the potential to be a green belt. [15]  

The green belt training program duration is usually from one to two weeks. The content of 

training course for green belts is more limited than that of black belts. Green belts are trained 

according DMAIC problem solving process. Unlike the black belts, green belts keep their 

previous positions beside their activity within six Sigma project. To make it brief, green belts 

are part-time participants in Six Sigma project in contrast to black belts who are full-time Six 

Sigma project participants. [7] 

According to Subir Chowdhury:― The Green Belts provide the Black Belts with the support 

they need to get the project done.‖ [7] 

 Yellow belt 

The yellow belt training course is two day training course. This is not a very common level in 

Six Sigma projects, but is becoming more common for companies to classify their employees 

in yellow belt category as well. However some big companies benefit yellow belt training 

sessions to introduce new employees to Six Sigma projects. While belt is also available in 

some companies which refer to a more limited training. White belt training course is two to 

four hours to be able to explain the basics of Six Sigma. Yellow belt training is offered for 

personnel who are more experienced compared to white belt trainees. However yellow and 

white belt employees fit for new employees and personnel with limited knowledge on the Six 

Sigma process. [2] 

 Master black belt 
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When it comes to the training of a master black belt, the training course goes beyond what 

has been conducted for a black belt candidate. This is due to the fact that master black belts 

should qualify enough to train black belts. The roles depicted for a master black belt is to 

play the role of an internal consultant for the company in Six Sigma field and to manage 

different black belts for different projects with the aim of facilitating the Six Sigma process. 

[8]  

According to Subir Chowdhury:―The Master Black Belts are the people most responsible for 

creating lasting, fundamental changes in the way the company operates from top to bottom.‖ 

[7] 

Six Sigma Toolbox in Academic Perspective 
 

There are many tools and practices applicable to different phases of DFSS and Six Sigma 

processes which are known as Six Sigma tools both in academic and business areas. 

Although most of these tools have been applied during the last decades, but some of these 

tools are applied within Six Sigma process in a new way which is quite different from their 

traditional use. [2] 

In the following, different tools applicable to phases of DMAIC and DMADV methodologies 

would be stated. However, the Six Sigma tools are not limited to only one phase of DMAIC 

or DMADV. These tools can be applicable to more than one phase in some cases. 

 

Actually, Six Sigma process benefits from a wide range of tools to get to a state of control 

over the processes with an examined logic of problem solving. [18] 

The function of Six Sigma tools which is developed by the relevant practitioners is to act as a 

catalyst to facilitate the identification of inputs into process or product. [11] 

 

Different tools and methods applicable to phases of Six Sigma process are roughly as it 

comes in the following: 

Define: Although the applicable tools to the define phase of DMAIC/DMADV are quite 

numerous, but some of them are as it comes in the following: 

 

Project charter: A written charter represents the outcome of the first phase of a project. A 

charter shows what is to be done by whom and when in a documented way. The main 

issue in producing a charter is to show what can be done in the project time frame 

considering the available resources. This is to document what is to be accomplished in 

the project. It should also determine that by whom and when is it to be accomplished. The 

most important issue in generating a charter is the precise statement of what can be 

fulfilled according the project time frame considering the existing resources. [4] 
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Histogram: This statistical tool is a graphical representation of tabular frequencies which 

is displayed in form of bars. This tool is used to display the proportion of cases that fall 

into each of several groupings. 

 

Scatter Diagram:  This is a type of mathematical diagram that uses the Cartesian 

coordinate system to show values of two variables for a set of data. 

 

Critical to quality tree: This tool is applied in order to translate broad customer 

requirements into more easily quantifiable specifications. More detailed explanation on 

this tool is given in the following lines. 

 

Affinity Diagram: This tool is one of the seven management and planning tools. Affinity 

diagram is used to organize different ideas and data within project management. Ideas are 

categorized in a logical manner for review and analysis. Affinity diagram is largely 

created by brainstorming sessions. [11] 

 

Process flowchart: A process flowchart is a graphical representation of process steps and 

their order by connecting them with different arrows which is a sign of the nature of their 

connection. Each of the steps of a process can be presented by a geometrical figure 

according to their classification. This tool is very helpful in designing, analyzing, 

documenting or managing a process or system in different sectors.  

 

Pareto charting: The pareto principle is also known as 80-20 rule. This tool refers to the 

fact that only 20 percent of resources create around 80 percent of the products. In fact, 

pareto charting helps sorting out the vital few from the trivial many. Following this 

procedure would help the Six Sigma team to get focused on problem area. The Six Sigma 

way of pareto charting that is commonly used in Six Sigma initiatives, is to 

comparatively rank the inputs according to their impact on the final result of the process. 

[11] The common steps to be followed in pareto charting starts with listing of the 

nonconformity types and counting the nonconformities within each of the nonconformity 

types. Then the nonconformities should be sorted according to their quantity/impact in a 

descending order. The next step in pareto charting is to consider the other category for a 

few number of nonconformities which are recognized subjectively. Present the 

nonconformity types in bar chart graphical method. [4] 

 

Benchmarking: In benchmarking a standard would be set according to the system outputs 

of other successful competitors. This would be followed by evaluating the design options. 

Hence, the benchmarking company can recognize the KIVs and KOVs to narrow down 

with the aim of promoting in marketplace. So, in benchmarking the business process 

alongside its metrics such as productivity, lead time, cost and quality are compared with a 

chosen standard in business which is usually a best practice in the same sector. [4]  

 

SIPOC analysis: SIPOC is a Six Sigma tool that stands for supplier, input, product, 

output, and customer product maps. This tool starts from customer and proceeds in the 

work toward the supplier. This tool helps identifying the relevant factors of an 

improvement process. This tool is used in defining complex project. This can lead to 
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appropriate scoping of project. SIPOC is very useful when the information regarding the 

following items are vague: who is the supplier to the process, what the specifications on 

the input are, who the true customers of the process are and what the requirements of the 

customers are. 

 

CTQ Tree: Critical to quality tree is a Six Sigma tool to break down a wide array of 

customer requirements into simpler and more easily quantifiable requirements. This tool 

starts the work from customer needs and the customer delightment can be added as a 

factor to it on its way to recognize critical to quality parameters. Thus, this tool 

transforms the requirements of internal and external customer from a qualitative 

information data and information to a quantitative and measurable factor. 

 

Measure: 

SPC: Statistical process control is a popular tool in Six Sigma. SPC has ability of 

monitoring a process in an effective manner through using the aid of control charts. By 

using control charts in SPC, the detection of the unexpected variations can be studied 

objectively. Hence, the variations affecting the end product or service can be detected and 

corrected notably before the end product is delivered to the customer .This tool has the 

application of monitoring critical responses of products to evaluate their steadiness and 

predictability. The application of SPC tool is especially necessary in cases with different 

expected and unexpected noises for a product. The product can be exposed to these 

noises in the production process, transportation or in the planned use place. Thus by using 

SPC, the time delays and bottlenecks can be prevented that result in increased customer 

satisfaction and profitability. 

 

Pareto chart: This tool is explained in the define phase. 

Control chart: One of the applications of control charts is helping in SPC to have a well-

organized monitoring of the system. [4] Two general categories are mainly introduced for 

control charts: 

 Variable charts 

In statistical process control (SPC), the range, standard deviation and the mean are the 

statistical features frequently used for analyzing the measurement data. These statistical 

features are monitored by use of control charts. When there is a specific source of 

variation, it would be revealed by detecting a point out of control charts. Thus it is 

required to make the investigations in order to find out the especial cause of the problem 

at once. 

 Averages and ranges control charts  

Averages control charts are applied in cases of evaluating the central tendency of a 

process considering the time factor. On the other hand, range charts are statistical tools 

used in evaluating the scattering or distribution of a process considering the time factor. 

[19] 
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FMEA: This FMEA process starts with the composing of a team of people who are 

experts in the field of the process or product under study. The expectation from the 

FMEA team is to unveil the probable deviation in each phase of the process. This method 

involves the breaking of process into its constituent steps and examines them for probable 

failure modes that can take place for them. In this tool, the potential failure modes would 

be quantified through a RPN (Risk Product Number) number. Risk product number is 

composed of three features that can be evaluated by a figure from zero to ten. These 

features are the risk severity, risk detect ability and the risk frequency. [30] 

Analysis: 

Process mapping and value stream mapping: Process mapping implies to the process 

flow of a system which is usually presented in form of a diagram. As a result to the 

application of this tool, connections and bottlenecks between different subsystems of an 

organization would be clarified. In contrast to stream mapping, value stream mapping is a 

version of process mapping with more activities. In value stream mapping the different 

steps of a process would be broken to its constituent steps for detailed analysis regarding 

their value adding role to the process. As a result to this tool, the value added steps of 

process would be kept, while the mom value adding steps get deleted or minimized as 

much as possible. Process mapping and value stream mapping can also supply the list of 

input and output data to other analysis efforts like cause and effect matrices and DOEs. 

[4] 

 

ANOVA: This tool is explained in the control/verify phase. 

 

Cause and effect matrices: As an application for cause and effect matrix, it can be stated 

that the cause and effect matrices are used to prioritize the outcomes of process mapping 

tool for further analysis work. In this tool, the customers and engineering insights are also 

used as data and information source. Hence, this method pursues the goal of directing the 

focus on process inputs and variables that has the highest impact in minds of the 

customers. The results of this prioritization can be used for future investigation on those 

features nominated to be included in the process. [4]  

 

Statistical analysis: The analysis of measured parameters by aid of statistical methods in 

order to find out the source of variation in Six Sigma methodologies. 

 

Run charts: This tool is explained in control/verify phase. 

 

DOE: DOE which stands for design of experiments is a statistical method in finding the 

root cause of problems. DOE is more relevant and useful in cases where variation is 

present and the root cause of the problem is vague. DOE is used for purpose of 

identifying and approving cause and effect relationship. This tool is a systematic way of 

recognizing the relationship between affecting factors of a process and outputs to that 

process. Design of experiment method is a frequently used tool in Six Sigma process in 

different stages and sectors. [18]  

Improve or Design: 
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Mistake proofing: This tool which is originally a Japanese tool is also referred to as poka 

yoke in Japanese language. By the aid of this tool, it is possible to do the tasks right the 

first time which is also a respected idea in view of Six Sigma policies. This tool is very 

effective in eliminating both the personnel and the machinery errors. [30]  

 

DOE: This tool has been already explained in the analysis phase. 

 

Brainstorming: This is a very effective tool in bringing in a large number of different 

ideas. During a brainstorming session the ideas are generated in a systematic way. The 

brainstorming session is comprised of two or more people who work as a team. This 

essence of brainstorming is the higher efficiency of people acting as a group compared to 

those people acting individually. [11] 

 

FMEA: This tool has been already explained in the measure phase. 

 

TPM: TPM stands for ―total preventive maintenance‖ and is a proactive method of 

preventing any kind of unwanted disruption before happening. Many people believe in 

TPM in terms of zero number of errors, rework and zero loss. 

 

QFD: Quality function deployment method is a well known formal and systematic way 

to support a semi-formal decision making. QFD requires the composition of a full house 

of quality. House of quality is a large matrix involving the information needed for 

decision making. House of quality matrix performs the integration of the outcomes from 

benchmarking and cause and effect matrices tools accompanied by further information. 

Thus information is based on both the issues to satisfy the customers and measurable 

engineering related quantities for the highest attainable profit. In other words, QFD is an 

efficient enabler in transforming of customer requirements into the design quality and 

engineering characteristics. QFD is applicable to a wide variety of sectors and industries 

such as the service and manufacturing industries. [4] 

Control or Verify: 

Control plan: By using this method, a process oriented plan can be developed for 

controlling the product characteristics considering the variable in that process. This tool 

is helpful to keep the process and the relevant product for that process in a stable 

condition over time. In fact the return to the state prior to the improvement phase would 

be prevented by applying this tool. In order to trace and monitor the characteristics of the 

product and process variables, relevant charts and graphs should be kept. Representation 

methods like trend graphs or scatter plots can be useful in finding the relationship 

between two data sets. [18]  

 

ANOVA: In Six Sigma the purpose is to reduce variance by using different statistical tools 

and techniques. ANOVA or analysis of variance is highly credited within the collection 

of Six Sigma tool kit. ANOVA or analysis of variance is a statistical tool that takes in 

discrete figures as input variable (one or more variables) and hands in continuous figures 

as output variable. ANOVA is a set of statistical models plus the relevant procedures, in 

which the observed variance is classified into categories due to different variables. For 
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example in simple words, the one-way ANOVA can be used in order to compare a 

running formula with a future formula within a running production line. Thus it can be 

recognized if the new formula can deliver better products among other alternatives or not. 

[27, 9]  

 

Cause and effect: Cause and effect tool is also known as fishbone diagram or Ishikawa 

diagram. This is one of the seven basic tools in quality management. The function of this 

tool is to find the root cause of an event. The application of cause and effect diagram is 

generally to find potential factors causing an effect. Brainstorming tool can be used to 

provide input to Ishikawa. In Ishikawa, causes are traced back by 5why technique to the 

root causes. [4, 18, 30] 

 

Run charts: Run charts are graphical representation of the recorded data in a time 

sequence. Run charts usually show some aspects of the performance of a business or 

manufacturing process. Run charts’ analysis can also be very effective in showing the 

shifts of a process over time through detecting the unexpected data patterns. Although run 

charts are very similar in many aspects to the control charts in SPC, but it doesn’t 

indicate the control limits of the process. Hence it is easier to construct run charts. 

However the control charts in SPC can provide the analysts with a wider range of 

analytic tools compared to the run charts.  [21] 

 

Self control: This technique or tool is also referred to as a mean for success in the job for 

everyone. As the leaders and managers try their best to help their employees establish a 

state of self-control for him/her self, the leaders/managers also get higher credibility and 

trust in the views of their employees. The criteria defined for being in the state of self-

control is as following:  

 

 To recognize the expectations regarding product and process standards and knowing 

that who does what and who makes the decisions for each case. 

 The person should have an appropriate timely feedback on how he/she is doing 

regarding the standard. 

 The person should also be able to regulate the process which requires capable 

process, required tools, time and facilities plus the resources and maintenance related 

issues. Also authority to adjust is an important issue in self-control. [8] 

 

Mistake proofing: This tool has already been explained in the improve/design phase. 
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Business Perspective on Six Sigma 
 

In this part of thesis work, different successful companies within Six Sigma philosophy have 

been selected to study their state in the Six Sigma process. 

 

SOLAE (TM)-Solae Denmark A/S and Six Sigma 
 

Question: How do you define Six Sigma within your company in terms of the methodology 

used and applied tools in this regard? 

Answer: Six Sigma is the project management method used for all improvement and renew 

projects. It is applied in most parts of the company from R&D over Operations to Sales and 

Marketing, but most widely and efficiently deployed in Operations and R&D. 

The Six Sigma methodology used is based on DMAIC and DMADV with specific 

deliverables for each phase of the two methodologies. 

  

Table 1: The typical tools used in Solae 

DMAIC Phases Most used Often used 

Define Project Charter, SIPOC, Process 

Map 

Customer Interviews, SIPOC, 

Affinity & Tree Diagrams, QFD 

& CT Matrix 

Measure Process Map, CTQ Flow down, 
Data Collection Plan, Graphical 

Analyses*, Z or DPMO 

Cause & Effect Diagram, 
Measurement Study 

Analyze Process Map, Cause & Effect 
Diagram, Graphical Analyses*, 

Hypothesis Tests** 

Design of Experiments 

Improve Process Map, Simulation  

Control Control plan, Project closing 
report 

Statistical Process, Mistake 
proofing 

 

*): Graphical analysis, Cause & Effect, Pareto Charts, Descriptive Statistics, Histograms, 

Box      Plots, Normality Plots, Run Charts, Scatter Plots, Multi-Vari Charts, Process 

Capability.  

**): Hypothesis tests, One-Sample t-test, Two-Sample t-test, One-Way ANOVA, 

Homogeneity of Variance, Linear Regression, Chi-square test of independence, Control 

Charts  

Question: What metrics do you use to measure your process capabilities as it is the concern 

of Six Sigma?  
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That depends entirely on the project. For each project a project Y (key output metric) is 

selected and the process capability based on that project Y is determined before and after the 

project improvement. The change in process capability is used to express the success of the 

project (in addition to the financial benefit which is the most important success factor). [3] 

 

Ford Company and Six Sigma 
 

Six Sigma has been initiated in 1999 by Ford’s director of corporate deployment for 

Consumer Driven Six Sigma sought an effective method to improve quality at that time. 

According to Quality Digest’s interview with Ford Motor Co. in years 2001 and 2003 Ford 

was seventh and fourth in top global automakers’ quality rankings respectively. 

By the aid of Six Sigma, Ford could save around 1 billion USDs in waste elimination in the 

whole world. Customer satisfaction has also improved referring to the company's internal 

customer satisfaction survey. 

Ford Company has undergone heavy investment on the training issues in Six Sigma training 

system like the training courses offered to its employees as Six Sigma green belts, black 

belts, master black belts and project champions. 

In year 2006, Ford has had almost 3000 project champions, and its black belts have closed 

more than 6000 projects during years 2003 and 2006. 

In year 2006, Ford Company was proud of having over 200 master black belts, 2200 black 

belts and 40000 green belts worldwide. In the same year, Ford was about to provide all its 

employees with green belt training as a bottom-line for the company. 

The training for black belts is one week per month for four months.  

Improvement projects in Ford Company are handled through a team approach. The Six 

Sigma teams are composed of a member of upper hand management, a master black belt, a 

black belt and green belts in different fields of expertise. Each member of the team would 

have a unique role in project's success. 

 Project Champion in Ford Company is defined as a member of upper-hand management. 

He/she would support the project and remove any obstacle for black belts. 

 Master Black Belts’ role is to train black belts and supervise them in their projects. They 

also report improvement and successes to their upper management. 

 Black Belts are in charge of implementing Six Sigma projects and leading the individuals 

within the improvement team in the appropriate road. 

Finally the green belts are trained in the Ford Company to learn some tools in order to aid the 

black belts with projects and execute small projects on their own supervision. It is preferred 

for green belts with various expertise areas to participate on the same team. 
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Black belts are usually assigned two or three projects at a time. Black belts decide on 

selecting projects and have to execute only those that have waste elimination savings and 

customer satisfaction improvement.  

In Ford Company, the project teams are composed of the sufficient number of people. It is a 

must for a project team to have a project champion, a master black belt and a black belt. It is 

quite common that they work with green belts having expertise on various aspects of the 

project. 

Ford uses a technique called performance cells. In this technique, senior leaders try to partner 

with master black belts.  

Ford Company uses DMAIC methodology in improvement projects. One sample 

improvement project executed using DMAIC within Ford Company was the improvement of 

Ford focus’ body-side moldings. 

The main obstacle against Six Sigma implementation within Ford was the employees’ 

skepticism in the beginning. However, as the success of Six Sigma over the time was shown 

to them, the resistance decreased and finally everyone was thinking within the Six Sigma 

philosophy. 

The series of tools being applied within Ford Company regarding Six Sigma are mainly 

associated with the data-driven decision-making skills and processes. [26] 

 

Citibank Company and Six Sigma 
 

Citibank Group Company is an international financial company. This company has been a 

pioneer in establishing Six Sigma quality in the service industry. This company has adapted 

the manufacturing management theories to the service sector. The goal of total customer 

satisfaction has been pursued by coupling cycle time reduction with Six Sigma methodology. 

Citibank proved the effectiveness of cycle time reduction method in the financial areas as 

well as the manufacturing areas. 

 To achieve CTR, Citibank developed the cross-functional process mapping (CFPM) 

methodology by aid of a consulting firm. CFPM involves making the maps of process flows. 

CFPM involves eliminating wasteful steps, which are defined as any activities that don't 

comply with the customers' requirements. To do this, they explained the functions of each 

step of each process with their current state and the state that it should be. Hence, they used 

Six Sigma methodology with the aim of identifying defects within the process steps.  

This company could benefit from Six Sigma methodology and relevant tools like pareto 

charting in order to reduce defects from 8000 to 1000. They also managed to reduce the cycle 

time from 2 hours to 30 min in one of their services (money transfer by the bankers). 

The other issue that Citibank has gone through was to properly organize its employees 

according to their expertise and establish appropriate training in quality and Six Sigma. [23] 
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Wipro consulting company and Six Sigma 
 

Wipro is a consulting company that offers consulting services in management fields like Six 

Sigma. Wipro performs consulting in deploying the Six Sigma program within organizations 

specializing in implementation across IT development, production support and core business 

operations. 

Six Sigma methodologies in Wipro include DSSS (developing Six Sigma software), DMAIC, 

DSSP (developing Six Sigma processes and products), DCAM (design for customer 

satisfaction and manufacturability), TQSS (Transactional Quality using Six Sigma) & CFPM 

(cross-functional process mapping). The Six Sigma methodologies integrate with CMMI and 

lean with the aid of tools such as QFD, Pugh matrix, Design Trade-offs, DOE and other 

statistical tools. CMMI stands for Capability Maturity Model Integration which is a process 

improvement approach and is designed to monitor process progress for a project time period. 

The training system offered by Wipro includes the courses for Six Sigma black belts, green 

belts and Six Sigma champions. Training regarding statistical tools and statistical software 

like Minitab is also offered to companies as the core of any Six Sigma learning. The other 

technique taught by Wipro is, train-the-trainer which is to create new team members who can 

focus on continuous improvement. [29]  

 

Kodak and Six Sigma 
 

The Lean Six Sigma journey for Kodak dates back to the 90s under the title of Kodak 

operating system. This has been implemented at the Kodak Leeds factory in 2002. In the 

beginning they came up with mixed results, as is usually true in the early days of an 

improvement program. 

The program path changed from having a couple of projects steered by three or four Black 

Belts, to a more strategic approach. In this new approach, they started training large number 

of Green Belts working on many projects. 

The biggest challenge to the company was the cycle time. They used value stream mapping 

from receipt of raw materials to the end-product. They considered four days as their value 

added time.  

Before the project started, they had the shortest cycle time of 23 days where 100 days wasn’t 

an unusual cycle time. Following the Kodak operating system for lean Six Sigma they 

managed to reduce the cycle time to 10-12 days for 60% of their work. As a result of this 

implementation they could save 2 million pounds. They use these savings to invest on more 

improvement projects. The Six Sigma methodology used within this company is DMAIC. In 

the early stages of DMAIC, the appropriate Six Sigma tools are selected to tackle the 

problems. 
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Project selection system is done in a very systematic way. They develop a project pipeline, 

(for example the green belt project run by the financial controller. They set criteria on 

ranking the projects regarding their returns, difficulty, duration, IT resources and other 

relevant factors. So, the projects are assigned with scores. Consequently they would be listed 

for those who finish their projects. Strategic goals of the company would also be met in 

choosing the Six Sigma projects. They also have infrastructure to be in a real-time system for 

reporting the location and compatibility of the project details with the strategic goals. Hence, 

this would keep the attention in order to keep the project in the right direction according to 

the expected time schedule. This would also help them identifying the key issues necessary 

to add value for the business.   

They use a spider diagram with the different competencies to assess how well they are 

applying each tool that can measure the quality of their achievement.  

In Kodak Six Sigma program of change in mindset, it was important to engage the senior 

management. This means that they are directly involved in the change effort.  

The interest from the people at the Leeds plant for their Green Belt projects benefited and 

backed the black belt projects. This enthusiasm could also change the mindset of the 

organization regarding Six Sigma. As a result, they have almost thirty four green belts and 

six black belts in a factory of three hundred people. These green and black belts extend 

across different functions. 

They offered courses like Six Sigma green belt, black belt and master black belt. Moreover 

they train their employees in tools such as design of experiments and Minitab software 

training. [22] 

 

Boeing and Six Sigma 
 

Boeing commercial airplanes company has participated in several pilot improvement projects 

within Six Sigma framework since 1999. They established a customer data-driven method of 

managing variation in manufacturing and business processes. They worked through business 

metrics and cultural change methods and techniques. In the Six Sigma training context, they 

selected their experts for extensive training courses in order to become green belts and black 

belts. This depended on the level of training and accomplished projects by them. In 2003, 

they had dozens of current projects across their organization with over 300 green belts and 

nearly 60 black belts trained within their organization. They use tools such as Kanban (pull 

system), mistake-proofing and built-in quality. [5] 

 

General Electrics(GE) and Six Sigma 
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In year 1998, General Electric’s Six Sigma system was already implemented. And 

afterwards, their effort in Six Sigma progress has continues till now in order to get to the Six 

Sigma level in quality.  

 

To understand the needs of customers, GE used CTQ tool. 

DMAIC methodology is used as framework for Six Sigma projects within GE. GE uses a 

comprehensive analysis of the relevant data through a software program which is called 

Minitab. Minitab is powerful statistical data analysis program. 

The GE employees receive is an intense program in two steps.  The first step includes an 

introduction to DMAIC and Six Sigma philosophy. The second step is a review and 

continuation course to stabilize newly acquired trainings. GE provided training courses in 

three levels: Master Black Belts level for project leaders, mentors, coordinators, and drivers 

of GE's entire Six Sigma program and black belts level  which is primarily focused on 

training and guiding all Green Belts under their jurisdiction to complete their requirements 

and  finally the green belts training who are part-time project leaders.  In 1998, there were 

almost 4,000 master black belts and black belts and 60,000 green belts. 

The management commitment was an important enabler in GE. Also, forty percent of each 

bonus allocated to top management has been very effective in the achievements of Six Sigma 

goals. [6]  

 

Honeywell and Six Sigma 
 

In Honeywell way to Six Sigma, they follow a benchmarking method which is called Six 

Sigma plus. This method involves the proper selection of a successful Six Sigma company 

and taking the best practices out of the both companies regarding capabilities. Hence, they 

take on a continuous improvement strategy to proceed in their level of excellence. The tools 

being used within this method consist of ―voice of the customer‖, ―lean enterprise‖, 

―enterprise resource planning‖, ―the Honeywell quality value assessment process‖, ―new 

skills and techniques for total productive maintenance‖, ―control charts‖, ―brainstorming‖, 

―pareto chart‖, ―root cause analysis‖, ―flow charts and process maps‖ and ―broader 

applications for activity based management‖. 

Six Sigma in Honeywell covers both manufacturing and non-manufacturing areas. As a 

bottom-line for all the managers, supervisors and professionals in Six Sigma plus, everyone 

should be certified as a Six Sigma plus green belt. Implementation of Six Sigma plus has 

brought many successful results for Honeywell in different sectors. By the year 2003, 

Honeywell had saved 2 billion dollars with expectation of 500 million dollars per year. 

The project selection issue in Six Sigma plus method is very important. They try to choose 

projects with the highest impact while being compatible with the goals and strategies of the 

company. 
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Following the successful implementation of Six Sigma plus, Honeywell has been giving 

consultation to its suppliers and customers in order to deploy the Six Sigma plus program in 

their companies as well. [1, 13] 

In a section called Honeywell technology solution lab of Honeywell Company, they offer 

DFSS training in order to offer Six Sigma skills to employees. This training is provided for 

the employees with the goal of developing robust products and processes within the 

continuous process improvement framework. The focus area in this training course is the 

basic concepts and the application of Six Sigma tools which can provide chances for 

improving both the product and associated processes. The other strength point for this 

training course is the group works that stimulate the course participants on doing a systematic 

analysis work on the problem issue and different scenarios of applying different Six Sigma 

tools to come up with the best solution. 

Six Sigma methodology (DMAIC) is applied to many projects in Honeywell in addition to 

reduction and elimination of variation. These projects include processes like lean enterprise, 

activity based management, Honeywell quality value assessment and total productive 

maintenance. [14] 

 

Motorola and Six Sigma 
 

      Motorola has been a pioneer in Six Sigma field. Six Sigma started in Motorola as the 

response to increased number of complaints received from the sales department on warranty 

claims. In order to solve this problem, Motorola started the task of documenting key 

processes considering their alignment to critical customer expectations. In order to fulfill this 

requirement they started installing measurement and analysis systems to attain to a state of 

continual process improvement. Since then, Six Sigma has evolved from the basic form of 

measuring the quality into a comprehensive business improvement methodology which has 

turned out to be completely integrated into the management system of successful Six Sigma 

companies nowadays. Motorola has started their Six Sigma journey in 1987. They defined 

the company core values as vision (total customer satisfaction), belief (mutual respect and 

uncompromising integrity and trust), goal (being best in class in different business aspects) 

and initiative (Six Sigma quality with reduced cycle time). Following the introduction of 

company core values, the change management training was offered with the aim of 

producing the sense of constancy on purpose. This training course was a compulsory course 

which took two weeks. This compulsory course was followed by other obligatory courses 

like understanding Six Sigma, design for manufacturability, cycle time management and 

process quality improvement. As a result to these successful training courses, the Six Sigma 

message was spread all over the company by managers. 

      After the first experiences of Six Sigma implementation, Motorola came up with four steps 

for Six Sigma implementation which comes in the following: 

 Aligning the executives to the right objectives and targets 

 Enabling the improvement team members to move among processes and projects 

 Speeding up the results 
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 Making improvement continually 

      Executive process owners in Motorola have the role of empowering black belts to guide the 

fully defined improvement projects. Executive process owners consider their own process 

metrics regarding the chartered improvement projects to ensure that the overall business 

system is working according to the expectations determined in the plan. Executives have the 

role of selecting the black belt and green belt team members based on the required functional 

capability. The executives should also provide the black and green belt teams with the 

appropriate resources. 
      Black belts and green belts trainees perform a business improvement project within their training 

course which takes them from learning stage to action stage. In this alternative process of 

learning and doing, the trainees would be equipped with skills such as problem solving, project 

management, process optimization and statistical skills. Continuous supervision from the project 

champions is a success factor for progress of the projects regarding the project timeline. 

      Leaders support the most important improvement projects proactively which are in alignment 

with the strategy. The process metrics and business outcomes would be reviewed by the 

leaders. 

 

     Thus the leaders are expected to share the best project approaches and learning with other 

sections of the organization in order to spread the benefits. Due to appropriate 

communication throughout the whole organization, a dialogue is generated that drives top to 

bottom focus on every day performance.  In order to create a strong Six Sigma management 

system a set of tools are used by the managers like organizational scorecard, project 

monitoring process, governance team structure and also the governance meeting process. 

      The problem solving framework in Motorola is performed in DMAIC methodology. [1, 16] 

 

Caterpillar and Six Sigma 
 

In 2001 caterpillar started the Six Sigma journey at all its subdivisions simultaneously. This 

Six Sigma implementation in Caterpillar has had a major effect on the company bottom-line. 

For example they could make 60% of their profits due to the performance of Six Sigma 

projects in one quarter. They could gain more than they spent in the first year regarding Six 

Sigma implementation. This company has 2000 black belts and 15000 green belts that are 

running 15000 projects in one year with 95% of success rate. 

Caterpillar started with DMAIC methodology in Six Sigma implementation but later 

continued with DMEDI (Define, Measure, Explore, Develop and Implement). DMEDI 

methodology is a substitute to DFSS methodology in caterpillar. 

The Six Sigma projects within caterpillar have had the functions of improving the products, 

processes and tools. This improvement can sometimes cover only one of these items or more 

at the same time. After successful implementation of Six Sigma, Caterpillar has been offering 

Six Sigma trainings and implementation assistance to its suppliers and dealers since then. 

[10] 
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Small companies and Six Sigma 
 

The Six Sigma results and associated news in smaller sized companies is less documented 

and published. This is mainly due to lack of interest in such companies to publish their 

financial results. The six Sigma journey in such companies usually starts from the CEO of 

the company. The CEO him/her self becomes aware of the Six Sigma methodology and 

success stories through one of the clients. However, Six Sigma in eyes of some executives is 

only a tool to reduce variation while in others may be viewed as a strategic tool to sustainable 

success for the company. There may even be the executives who overlook Six Sigma as 

another management program without any notable result as implemented. 

However when a CEO is convinced and aware of the benefits of Six Sigma, the journey can 

successfully start and proceed at these small sized companies. At this stage some of the 

employees would be sent for Six Sigma training courses to become either black belts or 

green belts. Black belts can become the fuel to the ongoing engine of Six Sigma for these 

small sized companies. This happens through the reports made by black belts to the CEO that 

inspires the CEO to start spreading Six Sigma philosophy and training to the whole 

managers. For example in a small to medium sized company it took one year to train the 

people and identify the Six Sigma projects to be performed and in two years, the company 

had been running over 50 Six Sigma projects in different business areas. 

The small sized companies have realized the positive bottom-line effects of Six Sigma 

implementation and less attention is given to the ISO certification in contrast to the Six 

Sigma bottom-line effects. 

This journey can also start following a different scenario. This is the case when a new CEO is 

introduced to the company and he/she is already familiar with Six Sigma according to the 

previous successes at job. Hence, the new CEO starts assessing the company in order to 

increase bottom-line and establishes the Six Sigma frame work in the company. Then he/she 

would improve the Six Sigma commitment in the company by extensive training. This would 

leads to the change of mindset in company-wide level. 

In small sized companies, the initial motivation is to reduce costs, waste and labor cost due to 

the pressure imposed by competitive market. However, as the company implements Six 

Sigma methodology, they become aware of the notable bottom-line improvement and 

increased profits. Hence they would be committed to expand Six Sigma to the whole 

company through a strategic view on Six Sigma in order to attain to the level of sustainable 

growth especially in economic aspects. [1] 
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Table 2: Sample Frameworks used in Business sector 

Six Sigma Company Framework 

Solae DMAIC, DMADV 

Citibank DMAIC 

Ford DMAIC, Consumer driven Six Sigma, Data 

driven decision making 

WIPRO DMAIC, DSSS, DSSP, DCAM, TQSS, CFPM, 
CMMI 

Kodak DMAIC 

Boeing DMAIC 

General Electrics DMAIC 

Honeywell Benchmarking (Six Sigma plus), DMAIC, 
DFSS 

Motorola DMAIC 

Caterpillar DMAIC, DMEDI 

Small-sized Companies - 

 

 

 

Table 3: Sample Training System used in Business sector 

Six Sigma Company Training System 

Solae - 

Citibank 650 senior managers, 7,500 employees by 

senior managers, 92,000 employees worldwide 

Ford Green belts, black belts, master black belts and 

project champions 

WIPRO Six Sigma black belts, green belts and Six 

Sigma champions 

Kodak Six Sigma black belts, green belts 

Boeing Six Sigma black belts, green belts 

General Electrics 4,000 master black belts and black belts and 
60,000 green belts 

Honeywell everyone should be certified as a Six Sigma 

plus green belt 

Motorola Green belts, Black belts 

Caterpillar 2000 black belts and 15000 green belts 

Small-sized Companies - 
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Table 4: Sample Training System used in Business sector 

Six Sigma Company Toolbox 

Solae Project Charter, Customer Interviews, SIPOC, 
DOE,      QFD & CT Matrix, Cause & Effect 

Diagram 

Citibank Pareto, Cross-functional process mapping 

Ford Performance cells 

WIPRO QFD, Pugh matrix, Design Trade-offs, DOE 
and other statistical tools 

Kodak DOE, Minitab, Spider Diagram and Value 

Stream Mapping 

Boeing Kanban (pull system), mistake-proofing and 
built-in quality 

 

General Electrics CTQ 

Honeywell voice of the customer, lean enterprise, 

enterprise resource planning, Honeywell 
quality value assessment process, new skills 

and techniques for total productive 

maintenance, control charts, brainstorming, 
pareto chart, root cause analysis, flow charts 

and process maps and broader applications for 

activity based management 
 

Motorola organizational scorecard, project monitoring 

process, governance team structure and also the 

governance meeting process 

Caterpillar - 

Small-sized Companies - 
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Results 
 

This section involves the analytical information on the comparison of both studied 

perspectives on Six Sigma. The two perspectives come from the business and academic 

sectors. 

 

Comparative outcomes 
 

In the business perspective of Six Sigma, as a response to the problem of increased warranty 

claims due to defective products, the industry started searching for a way to decrease the 

defective products through decreasing variation within their processes and products. Thus in 

the early stages of Six Sigma, the motivation was inspired with the goal of decreasing 

variations in products and processes. However, as this journey started, the Six Sigma 

philosophy evolved to a strategic methodology to revolutionize organizations in a systematic 

and sustainable manner.  

Six Sigma has been growing in attainable results regarding customer satisfaction and 

company bottom-line improvement. Hence, the Six Sigma philosophy found especial 

interests within the academic world since it has been introduced from Motorola Company. 

The academicians have had significant contribution to expansion and evolvement of Six 

Sigma concept into Six Sigma philosophy.  

According to the academic perspectives on Six Sigma, there are two general methodologies 

used in Six Sigma projects depending on the nature of that project. DMAIC methodology is 

used for Six Sigma improvement projects where an already working process is scrutinized 

and an improved state for that project is drawn and enforced through the well designed 

phases of this methodology. On the other hand, DMADV or DFSS methodologies are used in 

projects involving the development of a new product or the design of a new process. 

However one alternative methodology in the DFSS is PIDOV which is also applicable in new 

product developments and relevant processes. However, the common goal for all DFSS 

projects is to introduce new Six Sigma products and its associated processes. It is good to 

know that there is small difference between different roadmaps in DFSS projects.  

The Six Sigma philosophy has been a bridge between academic world and business sectors 

since it was created. Academic and business sides have had good cooperation in different 

aspects of Six Sigma which includes Six Sigma training and research. (both in theory and 

practice). So, the two sides are benefitting this cooperation through receiving realistic feed 

backs, practical results and close communication. 

There are many factors defined as prerequisite to successful implementation of Six Sigma. 

These requirements or cornerstones of Six Sigma philosophy include the Six Sigma 

methodologies, training system and tools. 
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When it comes to Six Sigma methodologies offered from the academic side and those 

introduced and applied within business sector, we face a rather large variety of 

methodologies. However this diversity is more noticeable in the business world, but the 

whole array of methodologies stay more or less similar and follow the basic principles of 

initial Six Sigma methodology (DMAIC). 

For example the Six Sigma methodologies in Wipro include DSSS (developing Six Sigma 

software), DMAIC, DSSP (developing Six Sigma processes and products), DCAM (design 

for customer satisfaction and manufacturability), TQSS & CFPM (cross-functional process 

mapping). Also the methodology being used by Ford Company is customized to ―consumer 

driven Six Sigma‖. This has been considered as an effective method to improve quality in 

Ford Company. 

 

The evolution and adaptation of Six Sigma methodology is not only observable as it goes 

from academic world to the business side or  vice versa, but it is also notable when Six 

Sigma goes from the manufacturing sector to the service sector or vice versa. For example, 

Citibank Group Company is an international financial company that has been a pioneer in 

establishing Six Sigma quality in the service industry. This company has adapted the 

manufacturing management theories to the service sector. The goal of total customer 

satisfaction has been pursued by coupling cycle time reduction with Six Sigma methodology. 

As a result, Citibank could prove the effectiveness of cycle time reduction method in the 

financial areas as well as the manufacturing areas. 

To achieve cycle time reduction (CTR), Citibank developed the cross-functional process 

mapping (CFPM) methodology.  

The application of Six Sigma tools is highly dependent on the nature of companies. Though 

the tools are basically designed with a certain purpose, but as they are applied in different 

companies and their relevant operations, the tools are customized depending on these criteria 

and also depending on the phase of Six Sigma methodology. In some cases, the companies 

make the changes in tools to a level that it becomes difficult to trace it back to its original 

tool. These tools may include ―Pugh matrix‖, ―Design Trade-offs‖ in Wipro Company and 

―built-in quality‖ in Boeing Company. 

When it comes to the introduction and application of the Six Sigma tools in the academic 

world, a broader definition has been established compared to the definitions given in the 

business world. This is due to the necessity felt within the business world in customizing the 

tools regarding the received feedbacks and their practical requirements. So, the introduction 

and evolution of tools is more straightforward in the academic world compared to its 

business counterpart which has more realistic and practical definitions on Six Sigma tools. 

Training is a cornerstone in Six Sigma context. The importance for Six Sigma training is 

mainly due to the principle of everyone’s involvement and alignment with Six Sigma 

philosophy in the organization. 
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The Six Sigma training issue in the business areas is given according to the Six Sigma level 

of companies and their capacity of learning in the employees. The training system of Six 

Sigma is more flexible in the business side regarding the training syllabus due to the more 

vibrant environment. However there is also cooperation work between business and 

academic areas regarding the training contents and methods of training. 

 

 

Figure 1: PDSA cycle of business and academic contribution to Six Sigma progressions 

 

 

  

 

 

 



31 

 

Conclusions 
 

The Six Sigma concept has been realized practically through appropriate consideration of 

customer voices as the most important input.  In order to put Six Sigma philosophy into 

practice, different methodologies have been developed by academic and business sides.  

Although Six Sigma methodologies follow similar guidelines, but there are some differences 

when the focus is industry, university or business areas. However, the product or process 

maturity is also a determining factor in selecting the proper methodology.  

Six Sigma approach considers the goal of reducing variations by appropriate analysis of 

processes to tackle the root causes of problems. In order to attain to this goal, proper 

selection of Six Sigma tools can play a significant role.  

The most important requirement for establishing Six Sigma philosophy in an organization-

wide domain is the capacity of human resource of that organization. The training 

infrastructure and learning platform is an essential prerequisite to the Six Sigma 

implementation. Six Sigma training system follows a rigorous discipline and certification 

criteria for efficient and effective transfer of Six Sigma knowledge and know-how in theory 

and in practice to everyone within the organization.  

The fruitfulness of close interaction between business and academics has been demonstrated 

through the remarkable improvement in Six Sigma philosophy. The Motorola University is 

an example of this merger between academic and business world. The close cooperation 

between the two sides is so intense that the borderline between them is not highlighted 

nowadays. However these separate authorities within Six Sigma world is necessary. This 

necessity is at place in order to have different perspectives on the issue which is more 

effective in farther placing the borders of Six Sigma innovations. 

Thus, the business sector is the main implementer of Six Sigma while the academicians are 

using the feedbacks from business for analyzing the results for improving the Six Sigma 

beyond the current state. This mutual relationship would lead to an endless road of perfection 

for both the business and academic world in the Six Sigma context. 
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Future research 
 

The current thesis project report is on comparison of business and academic perspective. The 

study and research works following this line of work is suggested to be designed after finding 

practical ways of bridging the gap between the academic and business world in order to 

harness and develop the synergies hidden between the two involved parties in Six Sigma 

field. Through better and wider communication channels between the business and academic 

sides, the mutual reinforcement would be gained in Six Sigma field. 

Thus, the future research work is proposed to set the goal of finding solutions for making 

common platforms of learning, research and development in Six Sigma for both involved 

parties. Actually, the appropriate reorientation in Six Sigma in business and academic areas 

would lead to better fulfillment of attaining to Six Sigma development as a common strategic 

goal for the business and academic sides. 
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